ABSTRACT. In this study, a combination QuEChERS and low density solvent based DLLME was developed for extraction and preconcentration of five multiclass pesticide residues including atrazine, ametryn, terbutryn, carbaryl and chlorothalonil, from selected cereals: Teff, barley and maize samples. Liquid chromatography with variable wavelength detector (VWD) was used for quantitative determination of the pesticides. Various experimental parameters affecting the extraction and the preconcentration efficiencies were optimized. Calibration curves constructed using Teff samples were linear over wide ranges, 7.1-200 μg kg -1 with R 2 ≥ 0.990. LODs of the method were ≤ 8.9 μg kg -1 , below the MRLs of EU for maize and barley. The RSDs were in the range of 2.3-9.5%. The method has also been applied to different cereal samples and satisfactory average recoveries ranging 69.0-117% were obtained for the spiked cereal samples at two concentration levels. Therefore, the developed method can be successfully utilized as a simple alternative for the analysis of multiclass pesticide residues in cereals and other related samples.
INTRODUCTION
The great demand for cereals, as well as their processed products, to feed the ever-growing population of the world, requires considerable efforts to improve their production yields, especially those that are significantly affected by pests. As a result, various classes of pesticides including insecticides, fungicides and herbicides, are regularly applied to cereals [1, 2] . Use of pesticides, on the other hand, could result in leftover residues on the cereal yields. For food safety and environmental reasons, legislative directives and monitoring programs of different countries; for example, USA, China, India and the EU have set maximum residue limits (MRLs) of pesticide residues in various raw and processed foods, including cereals [2] [3] [4] .
Analysis of multiclass pesticide residues in foods is a challenging task because of the different physicochemical properties of the pesticides, complexity of the matrices and low concentrations at which they are usually occurring [5, 6] . Though great advances have been made on the development of highly efficient and sensitive analytical techniques for the final determination of these compounds, the use of efficient sample preparation methods is still greatly momentous in order to obtain accurate quantitative results, at or below MRLs of these compounds set by regulatory bodies.
Several sample preparation methods have been developed for extraction and/or prconcentration of multiclass pesticide residues in various cereals and other food samples. The methods include solvent extraction (SE) or liquid-liquid extraction (LLE) [7] , solid-phase extraction (SPE) [8, 9] , supported liquid membrane extraction (SLM) [10] , matrix solid-phase dispersion (MSPD) [11, 12] , solid-phase microextraction technique (SPME) [13, 14] , supercritical fluid extraction (SFE) [15] , microwave-assisted extraction (MAE) [16] and pressurized liquid extraction (PLE) [17, 18] . However, these sample preparation methods have several disadvantages; they are time-consuming, require high volume of expensive and/or toxic organic solvents and methods such as SFE and PLE demands expensive equipments. Besides, methods such as SE or LLE, SPE and SPME are not convenient to be used for processing solid samples, unless other time consuming sample pretreatment techniques are considered.
Recently, the Quick, Effective, Cheap, Effective, Rugged and Safe (QuEChERS) technique was developed, primarily for extraction of multiclass pesticide residues in non-fatty matrices such as sugarcane honey [19] , honey [20, 21] , fruits and vegetables [22, 23] and its application has subsequently been extended to the extraction of multiclass pesticide residues from high fat matrices such as raw cereals and their processed products [23] [24] [25] [26] [27] [28] [29] [30] . The QuEChERS method eliminates several time consuming and complicated sample pretreatment steps commonly employed in traditional methods [2] . However, due to the low water content of cereal samples (below 25%), water should be added to the samples with acetonitrile (the extraction solvent) in order to increase the moisture content to above 75%, with the objective of weakening the possible interactions of the analytes with the sample matrix, and thus consequently, improving the efficiency of the extraction process [28] . On the other hand, although QuEChERS procedure nowadays, is a method of choice for analysis of multiclass pesticides residues in various solid and semi-solid samples, it does not involve preconcentration (enrichment) of the target analytes [31, 32] . Quantitative determination of the final extract of the sample has commonly been performed utilizing highly sensitive analytical techniques such as gas (GC) and/or liquid chromatography (LC) coupled with mass spectrometry (MS) or tandem mass spectrometric (MS/MS) detectors [3, 23, 25, 30, 33, 34] .
In the last few years, the use of combination of QuEChERS and dispersive liquid-liquid micro-extraction (DLLME) for analysis of multiclass pesticides resides in food samples have been reported by a number of workers [32, [35] [36] [37] [38] [39] . The introduction of DLLME to the QuEChERS procedure was found to increase the enrichment factor of the extraction processes. However, the extraction solvents, which were reported so far in DLLME procedures, are those having higher density than water such as halogenated hydrocarbons, but, these solvents are potentially toxic to human beings and the environment. To the best of our knowledge, the combination of QuEChERS with low density solvent DLLME (LDS-DLLME) based extraction and preconcentration methodology has not yet been reported for analysis of multiclass pesticides in cereal samples.
Therefore, in this study, QuEChERS-LDS-DLLME method has been proposed for quantitative extraction and preconcentration of five multiclass pesticides residues in three cereals including Teff (Eragrostis tef), maize and barley, utilizing high performance liquid chromatography with variable wavelength detector (HPLC-VWD). Teff is an ancient and a major cereal crop, indigenous to Ethiopia [39] [40] [41] , from which a staple food, "Injera", is prepared. "Injera" is known to provide approximately two third of the diet for the Ethiopian population [41] . Similarly, maize and barley are also the cereals most commonly used for preparing various types of foods all over the country. The pesticides considered in this study comprises of atrazine (Atraz), ametryn (Amet), and terbutryn (Terb) among herbicides; carbaryl (Carb) from insecticides; and chlorothalonil (Chlor) which is a fungicide. In order to ensure reliability of the proposed technique, various parameters affecting the extraction efficiency as well as the chromatographic separation performances during the analysis of the target analytes have been investigated so as to establish the optimum conditions for extensive future applications. 
EXPERIMENTAL

Chemicals and reagents
All chemicals and reagents used in this study were of analytical grade and the solvents, used both as mobile phase and extraction solvents, were of HPLC grade. Analytical pesticide standards of Carb and Chlor were purchased from Sigma Aldrich (St. Louis, MO, USA). Atr, Amet and Terb were obtained from Dr. Ehrenstorfer (Augusburg, Germany). The chemical structures, common names, abbreviations and the pK a of the target pesticides are given in Figure  1 . Anhydrous magnesium sulphate (MgSO 4 ) was purchased from Fisher Scientific Company L. C. C. (Pittsburgh, USA). Sodium chloride (NaCl), glacial acetic acid (CH 3 COOH) and anhydrous sodium acetate (CH 3 COONa) were obtained from BDH Laboratory supplies (Poole, England). Acetonitrile was purchased from Ashland Chemical (S. Giuliano MI, Italy) and ultrapure water obtained after purification with double distiller A8000 Aquatron water still (Bibby Scientific Ltd, Staffordshire, UK) was used throughout the study.
Preparation of pesticides standard solutions
Individual stock standard solutions containing 1000 mg L -1 were prepared separately by dissolving accurately weighed amount of each standard in acetonitrile. Intermediate standard solution containing 20 mg L -1 of each standard was also prepared from the stock solutions by diluting with acetonitrile. Working standard solutions were prepared from the mixed intermediate standard solution by diluting with deionized water and then used for optimization of the parameters affecting the QuEChERS-DLLME procedure as well as method validation. All solutions were stored under refrigeration below 4 o C when not in use. 
Instruments and equipment
Chromatographic analyses were performed using Agilent Technologies 1200 infinity series HPLC, equipped with quaternary pump, vacuum degasser, autosampler and UV-Vis variable 
Chromatographic conditions
The chromatographic separation of the target analytes was performed based on a previous paper [32] with minor modifications. An isocratic elution with a binary mobile phase comprising 45% water (solvent A) and 55% acetonitrile (solvent B) was used throughout the analysis. Prior to the subsequent sample/extract injection, the HPLC column was washed by adjusting the mobile phase composition to 5% water (solvent A) and 95% acetonitrile (solvent B) for 15 min and then was conditioned with the mobile phase for additional 5 min. Analysis was performed with the mobile phase flow rate of 0.3 mL min -1 , column temperature set at 30 o C, injection volume 10 µL and monitoring wavelength of 224 nm.
Cereal samples
Three different types of cereal samples; namely, Teff, maize and barley, which are commonly consumed in Ethiopia, were collected from two different localities: from Addis Ababa (Central Ethiopia and capital of the country), in ground form, thus obtained as flour; and from local market in Nekemte (Western Ethiopia; Oromia National Regional State). The cereals collected from Nekemte were also milled in Addis Ababa to obtain similar degree of fineness.
QuEChERS-LDS-DLLME extraction procedure
The extraction procedure of Teff consisted of two steps; QuEChERS and DLLME. (i) The QuEChERS procedure was performed following the literature reports [28, 29] with some modifications. Accordingly, 21 g Teff flour was weighed in a beaker to which 49 mL water was added, and then the content was thoroughly mixed with a spatula to make a dough, containing Teff to water mass ratio of approximately 3:7. Then, 10 g of the dough sample was transferred to a 50-mL centrifuge tube and subsequently spiked with appropriate concentrations of the target analyte standard mixtures. The content was then shaken for few seconds and kept to stand for about 30 min to establish equilibrium. After addition of 5 mL acetonitrile, the content was shaken for few more seconds. This was followed by addition of 4 g MgSO 4 and 1 g NaCl to the sample content and further shaken vigorously for 1 min. Then, after centrifuging the resulting content at 3000 rpm for 10 min, 3 mL of the upper layer of the acetonitrile extract was transferred to the d-SPE tube. The d-SPE tube was then sealed, shaken for about 1 min and was centrifuged at 4000 rpm for 3 min. Finally, 1 mL of the resulting acetonitrile extract was transferred into a 4 mL vial and mixed with 125 μL dihexyl ether for subsequent DLLME extraction procedure.
(ii) For the DLLME procedure, 5 mL distilled water containing 10% NaCl (w/v) was first taken into 15 mL centrifuge tube. Thereafter, a mixture of 1 mL acetonitrile extract (used as a disperser), obtained from the earlier QuEChERS extraction procedure, and 125 μL dihexyl ether (extraction solvent) were rapidly injected into the content using 5 mL syringe with a sharp needle, to induce a cloudy solution formation due to the dispersion of fine droplets of the extraction solvent in the water sample. The content was then centrifuged at 4000 rpm for 5 min and then the organic phase was separated as clear solution (upper layer) from the surface of the aqueous phase (bottom layer). The lower aqueous phase was then removed using a 5 mL syringe, leaving volume equivalent to the organic phase at the bottom of the tube, which was convenient for collection of the organic phase. Finally, 50 μL of the organic phase was conveniently collected, using a micropipette and diluted with 100 μL acetonitrile in the insert vial, which was housed in a 1.5 mL autosampler vial, to be transferred to the HPLC autosampler for subsequent injection of 10 μL.
Similarly, for maize and barley samples the same procedures described above for Teff sample were followed, with minor modification on the QuEChERS procedure, particularly in the mass ratios of the flours to the volume of water used for dough preparations. Therefore, maize and barley doughs were formed by mixing 3 g of their flours in 8 mL of water.
RESULTS AND DISCUSSION
Optimization of the extraction conditions
In this study, the combination of QuEChERS and LDS-DLLME was proposed for extraction and preconcentration of target pesticides from three cereal samples including Teff, maize and barley. Quantitative determination of the analytes in the final sample extracts was achieved by HPLC-VWD following the conditions reported earlier for determination of target analytes [32] and the QuEChERS procedure [28, 29] with some minor modifications, especially on the ratio of the masses of the samples to the volume of water. In principle, addition of water to the cereal samples is required in order to make the sample matrices more accessible to the extraction solvent [33] . Accordingly, the ratio of the mass of Teff flour to the volume of water was set after investigating the quality of dough obtained by mixing in various proportions. Eventually, the optimized ratio selected for the target samples were 3 g Teff flour to 7 mL water and 3 g maize and barley flours to 8 mL water. To preconcentrate the extracted analytes by the QuEChERS procedure, LDS-DLLME was employed because of its simplicity, low cost, speed, novelty and benignity to the environment [42] .
In order to establish the optimum LDS-DLLME conditions, different parameters affecting the extraction efficiency of the technique were studied. These variables include the type and volume of extraction and the disperser solvents, pH of the aqueous samples and the ionic strength [42] . In these experiments, the peaks are as in milliabsorbance units (mAU) of the analytes were used to evaluate the influences of the selected factors on performance of the method. All the experiments were performed in triplicate with appropriate concentration of the standard solution containing the five target multiclass pesticides, and averages of the replicate analyses were taken for optimization of the different experimental parameters.
Selection of the extraction solvent
In the LDS-DLLME enrichment procedure, selection of appropriate extraction solvent is often crucial for obtaining satisfactory preconcentration of the target analytes. The solvent chosen should have lower density than water, appreciable capability of preconcentrating the target analytes, low solubility in water and good chromatographic behavior under selected HPLC conditions [43] . To this end, six organic solvents, with their densities given in parentheses, including dihexyl ether (0.785 g mL -1 ) n-octanol (0.827 g mL -1 ), toluene (0.865 g mL -1 ), undecane (0.740 g mL -1 ), cyclohexane (0.811 g mL -1 ) and n-heptane (0.680 g mL -1 ) were 6 investigated as potential extraction solvents. The extraction was carried out by injecting the mixtures of 100 µL each of the solvents with 1000 µL acetonitrile as the disperser. With the exception of cyclohexane, all the selected extraction solvents exhibited satisfactory phase separation. However, when the sample extract obtained utilizing toluene was injected, a broad peak which might be attributed to toluene was observed in the chromatogram at the retention time of Terb. Furthermore, with 1-octanol the peaks of the last three analytes, i.e. Amet, Terb, and Chlor, were also lost, probably not partitioned between the phases, and may be entirely retained in the solvent. The results obtained using dihexyl ether; heptane and undecane are shown in Figure 2 . Dihexyl ether exhibited the highest extraction performance for all the target analytes and was thus selected as the extraction solvent in the subsequent experiments. 
Selection of the volume of the disperser solvent
In order to obtain the optimum volume of the dispenser solvent, various volumes (in the range of 800-1400 µL) of acetonitrile extract, obtained from QuEChERS procedure containing a fixed volume of dihexyl ether (i.e. 100 μL) were investigated. It was observed that the peak areas of all the target analytes were increased with increasing the volume of methanol up to 1000 µL and then decreased for three of the analytes including Carb, Atraz and Chlor (Figure 3) . At low volumes of the disperser solvent volumes, the cloudy state was not properly formed and thus resulted in low extraction performances. Similarly, use of higher volumes of acetonitrile was also found to decrease the extraction efficiency. This could be associated to the possible enhanced solubility of the target analytes in aqueous phase due to an increase in partitioning of the dispersive solvent in the aqueous sample [44, 45] . As a result, 1000 µL methanol was chosen for the subsequent experiments.
Selection of volume of the extraction solvent
Volume of the extraction solvent is another crucial parameter influencing the extraction and/or preconcentration efficiency of the proposed LDS-DLLME procedure. With increasing the volume of extraction solvent, volume of the upper organic phase obtained after extraction will 7 also increase, resulting in reduction of the enrichment factors of the target analytes [35] . Therefore, the optimal volume of extraction solvent should offer high enrichment factors as well as sufficient volume of the organic phase for subsequent analysis. In this study, the effect of extraction solvent volume on extraction efficiency of the LDS-DLLME technique was evaluated by varying the volume of dihexyl ether over the range of 100-200 µL, while the other experimental parameters were kept constant. As can be seen from Figure 4 , the peak areas of all the target analytes increased with the volume of extraction solvent up to 125 µL and then lowered at higher volumes. With lower volumes, the extraction solvent may not properly be dispersed and thus as a consequence, the transfer of the analytes from aqueous sample to the organic phase decreases. On the other hand, the decrease in the peak areas of the target analytes at higher volumes of the extraction solvent could be attributed to the reduction of the enrichment factors (or dilution effect), resulting from the increase in the volume of organic phase collected after extraction [35, 46, 47] . Thus, 125 µL of diexhyl ether was chosen as the optimum volume in all the subsequent experiments.
Effect of salt addition
In general, addition of a small amount of salt into the sample solution produces a salting out effect, decreasing the solubility of the analytes in the aqueous phase and thus enhances the transfer of analytes into the organic phase [45] . The effect of addition of the salt, on the extraction performance of LDS-DLLME was investigated by varying the amounts of NaCl (0-15%, w/v), keeping all the other experimental conditions constant. It was observed that the peak area of all target analytes increased with the quantity of the salt added up to 10% and was then remained nearly constant on addition of larger quantities of the salt. Thus, 10% (w/v) NaCl was selected to be optimum concentration in all subsequent experiments. NaCl concentration, 10%; disperser solvent volume, 1000 µL and all other conditions remained the same as those in Figure 2 .
Effect of the sample pH
With the exception of Chlor, all the target analytes considered in this study are ionizable pesticides. Thus, to extract such substances into the organic phase, the pH of the sample solution should be adjusted to minimize their ionizability and consequently reduce their solubility in the aqueous phase [48, 49] . The effect of sample pH on the extraction efficiencies of the target analytes were evaluated by varying its values from 3 to 8 using phosphate buffer. It was observed that the peaks of all target analytes were increased with increasing pH up to 7 and was then decreased at higher pH values ( Figure 5 ). Thus, pH 7 was selected as the optimum value for subsequent experiments.
Analytical performance characteristics
The analytical performance of the proposed QuEChERS-LDS-DLLME method was investigated using matrix matched calibration curves, established in Teff samples free from the target pesticides as representative matrix. The calibration curves were constructed by spiking the Teff samples with a mixture of the target analytes at five concentration levels, corresponding to 20, 50, 100, 150, and 200 µg kg -1 . Each concentration level was extracted in duplicate, and each extract was also injected in duplicate. The calibration curves were then obtained by plotting the chromatographic peak areas as the instrumental response versus the target analytes concentrations. It was observed that the proposed method exhibited good linearity over the studied concentrations ranges, with coefficients of determination of 0.990 or better. The limits of detection (LOD) and limit of quantification (LOQ), which were determined as the concentrations that give 3 and 10 times the signal to noise ratio (S/N) were in the range of 1.8-8.9 μg kg -1 and 7.1-29.6 μg kg -1 , respectively, and found to be below the European maximum residue limits (MRLs) set for these analytes in cereal samples such as maize and barley [4] . The performance characteristics of the proposed method in the Teff sample are shown in Table 1 . 
Precision study
The precision of the proposed method was studied in terms of intra-day precision (repeatability) and inter-day precision (reproducibility) by applying the optimized conditions. Intra-day precision was evaluated by spiking the Teff samples at two concentration levels: Level 1, 50 μg kg -1 and Level 2, 150 μg kg -1 . Each concentration level was prepared in duplicate (experimental replicate) and was then injected in triplicate (instrumental replicate) on the same day, under the same experimental conditions. Likewise, inter-day precision was also assessed by extracting one Teff sample at each of the two concentration levels utilized for intra-day precision studies, for three consecutive days and each concentration level was then injected in triplicate. Table 2 , shows the obtained results of both intra-and inter-day precisions, presented as the relative standard deviations (RSD) of the peak areas. The obtained precision results were less than 10%, which is within acceptable precision range established by the European Commission for pesticide residue analysis in food and feed samples [50] . Table 2 . Intra-and inter-day precisions of the proposed method for the spiked Teff samples.
Analytes
Intra-day RSD (n = 6) Inter-day RSD (n = 9) Level 1 
Applications and recovery studies
The practical applicability of the proposed method was evaluated by performing recovery studies in three different types of cereals comprising of Teff, maize and barley samples. None of the target analytes was detected in any of these samples. The recovery studies were performed at two concentration levels, similar to those earlier used for precision study. Each concentration level was extracted in duplicate, and each was then injected in triplicate. Recoveries were calculated by comparing the concentration of the extracted analytes with the initial concentration of the target analytes, spiked to the cereal samples [37] . Recoveries and the corresponding RSD (n = 6) of each target analyte in Teff, maize, and barley samples are shown in Table 3 . The observed recoveries were in the range of 69-117% with RSD ranging 2.3-9.8%, in all the target analytes. These results were in good agreement with the acceptable recovery range established by the European Commission for pesticide residue analysis in food and feed samples [50] . Typical representative chromatograms of the blank maize and of the sample spiked with 500 μg kg -1 for carb, atraz, amet, terb, and chlor, analyzed by the proposed QuEChERS-LDS-DLLME combined with HPLC-VWD method under the optimum conditions are shown in Figure 6 . 
Comparison of the proposed method with other reported methods
The extraction efficiency of the proposed QuEChERS-LDS-DLLME procedure has been compared with other similar techniques recently reported utilizing QuEChERS [3, 23, 25, 30, 34] and QuEChERS-DLLME [47] in terms of the parameters such as linearity ranges, LOD, and %R. Details of the comparison are shown in Table 4 . The proposed method was found to exhibit similar or better linearity ranges, better or comparable LOQs and recoveries values than the other reported ones. The method also utilizes less toxic organic solvent and relatively inexpensive analytical technique, which could be accessible in common research laboratories. Based on the experimental findings and the deduction from the comparison, the proposed method is simpler, cheaper, more rapid and environmentally benign alternative for the trace level extraction and quantitative determination of multiclass pesticide residues in cereals and other related matrices. 
CONCLUSIONS
In this study, an easy and environmentally safe sample extraction and/or preconcentration method has been proposed, by combining QuEChERS and LDS-DLLME procedures, for analysis of five multiclass pesticide residues including three herbicides (Atraz, Amet, and Terb), an insecticide (Carb) and one fungicide (Chlor), using HPLC-VWD from cereal samples; namely, Teff, barley and maize. The method has owed the advantages of high extraction efficiency, sensitivity, selectivity, and ease of operation with consumption of less toxic and low volume organic solvent. The use of LDS-DLLME after QuEChERS procedure considerably improved the preconcentration (enrichment) of the analytes compared to the methods that make use of the QuEChERS extraction method alone. The LODs and LOQs obtained were similar or better than the other reported findings on the analysis of multiclass pesticides in cereals and related matrices and also below the MRLs set by EU for pesticides residues in cereals. The proposed method has also provided wide linearity ranges, accepted precisions and satisfactory recoveries for all the target analytes in the studied cereal matrices. Therefore, the developed method could successfully be utilized as an attractive alternative for trace level extraction and determination of multiclass pesticide residues in cereals and other related matrices for quality control.
